TECHNICAL

. LIBRARY -

TECHNICAL REPORT NO. 279

A COMPUTER PROGRAM FOR ESTIMATION OF PARAMETERS OF THE
WEIBULL INTENSITY FUNCTION AND FOR THE CRAMER-VON MISES
. GOODNESS OF FIT TEST

JULY 1979

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED,

DTIC QUALITY INQPECTED 3

u. S. ARMY MATERIEL SYSTEMS ANALYSIS ACTIVITY
ABERDEEN PROVING GROUND, MARYLAND



DISPOSITION

Destroy this report when no longer needed. Do not return it to
the originator. : . '

DISCLAIMER

The findings in this report are not to be construed as an

official Department of the Army position unless so specified
by other official documentation.

WARNING

Information and data contained in this document are based. on
the input available at the time of preparation. The results may be
subject to change and should not be construed as representing the
DARCOM position unless so specified. '

TRADE NAMES

The use of trade names in this report does not constitute an
official endorsement or approval of the use of such commercial
hardware or software. The report may not be cited for purposes
of advertisement.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALGG NUMBER
Technical Report No. 279

4. TlTLé(md Subtitle) . . 5. TYPE OF REPORT & PERIOD COVERED
A Computer Program for Estimation of Parameters of

the Weibull Intensity Function and for the
Cramer-Von Mises Goodness of Fit Test e MG REFORT NUWBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(#)

Edward F. Belbot

9. PERFORMING ORGANIZATION NAME AND ADDRESS . 10. iROGR&AmnERLEMENT' PROJECT, TASK
U S Army Materiel Systems Analysis Activity [;;iDrojéZ:NHETUMBERS
Aberdeen Proving Ground, MD 21005 .

9 1R765706M541
11. CONTROLLING OFFJCE NAME AND ADDRESS 12. REPORT DATE
Commander, U S Army Maferie Development and July 1979
Readiness Command, Alexandria, VA 22333 H'NUMBER%%pAGES

T4, MONITORING AGENCY NAME & ADORESS(if different from Controlling Office) 15. SECURITY CL ASS. (of this report)

Unclassified

15a. DECL ASSIFICATION/ DON¥NGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Weibull Intensity Function

Goodness of Fit Test

FORTRAN

Iterative Procedure

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

This report describes the structure and use of a digital computer program
written in Standard FORTRAN, which can be used to obtain the maximum 1ikelihood
estimates of the parameters of the Weibull intensity function. The program also
performs the Cramer-Von Mises goodness of fit test.

DD |, ig:"n 1473 EDITION OF T NOV 65 IS OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




CONTENTS

Page
LIST OF FIGURES. . . . . « + « « « « . e e e e e e e e e e e e ii
INTRODUCTION . & v v v v v e e e e o o o e e o v o e e o o e s 1
COMPUTING PROCEDURE. . « « & « « & « « . & e ?
2.1 Estimation of Parameters. . . . ¢« « « ¢« ¢ + ¢« o ¢ o + & o 2
2.2 Goodness of Fit Test. . . . ¢« ¢ v ¢ & v ¢« v ¢ o o o o o o 3
DESCRIPTION OF PROGRAM . . . . & v ¢ v v v e v o s e v o e v o s 7
3.1 Major Features. . . « ¢ v o v v v v o o o s o o s e 0. e 7
3.2 Overall Characteristics . . « « « ¢ ¢« ¢ o v ¢ ¢ ¢ o o« o o 7
3.3 Specific Details of Routines. . . . . . . .« . o o v o o 7
INPUT REQUIREMENTS . . . « v v v v o v v v 0 v o e 0 o o o v o & 11
TRANSFERABILITY AND MODIFICATION . . . . . « & « ¢ ¢ ¢ ¢ v o« & 13
REFERENCES . v v & & v v e v e v v s e o s o s o e o o o a o o 17
APPENDIX A v v v v e e e e v e e e e e e e e e e e e e e e e e 19
APPENDIX B . . . . . . « « . .. e e e e e e e e e e e 41
APPENDIX € v v v e o ot e e e e e e e e e e e e e e e e e e e e 45
DISTRIBUTION LIST. . & & & v v e e e vt e e e e e a e e e e e 71




LIST OF FIGURES

Page
2.1 State Diagram. . . . . . . . . . . .. e e 4
3.1 Module Organization Chart. . . . . . . . .. .. ... ..... 8
5.1 Substitute for INREAL Submodule. . . . . . . . . . .. ..... 15

i1




A COMPUTER PROGRAM FOR ESTIMATION OF PARAMETERS OF THE WEIBULL
INTENSITY FUNCTION AND FOR THE CRAMER-VON MISES
GOODNESS OF FIT TEST '

1. INTROBUCTION
The Weibull intensity function
u(x) = aexf! (1.1)

r>0, >0, X>0, is frequently used as a model for the determination of
reliability growth and wear-out characteristics for a wide variety of
complex, repairable systems. The failure rates of military equipment
such as vehicles, aircraft, guided missiles, electronic computer systems,
and ammunition are being evaluated using this model.

Formulas have been developed by the Army Materiel Systems Analysis
Activity (AMSAA) for the maximum likelihood estimation of the unknown
parameters X and B, based upon sample data. These estimation formulas -
for the Weibull process, found in Crow (1975), can be stated as
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where:

K is the number of systems under study;
N. is the total number of failures (or occurrences of an event
under study, such as unscheduled maintenance actions; etc.)

for the ith system;

is the starting time of the period of continuous observation

of the 1th system;

T., is the ending time of the period of continuous observation

i2
of the 1th system;

X.. is the jth time of occurrence of the failure (or event), for

1]
the ith system;

Ti1

In is the natural Togarithm, and 0-1n(0) is defined to be 0.

1




To expedite the computation of these estimates, AMSAA developed a

FORTRAN computer program to calculate 8 and A. That program, which was
documented in Belbot (1974), was successfully employed by the U S Army
Materiel Development and Readiness Command (DARCOM), various subordinate
commands and several project managers' offices, as well as by AMSAA.
After the parameters were determined by that program, a goodness of fit
test was frequently used to test statistically the hypothesis that the
failure times of the systems being analyzed followed a nonhomogeneous
Poisson process with Weibull intensity function (see Crow [1975]). The

modified Cramer-Von Mises goodness of fit statistic was computed, either
by hand or by a separate computer program.

Obviously, the consolidation of an automated goodness of fit test with
the computer routine which estimates the parameters B and A, would increase
efficiency and accuracy. Either the manual calculations or the use of a
separate program would be eliminated. To accomplish properly this consolida-
tion, the estimation procedure was subordinated to a new main program which
also controls the input of data and the execution of the goodness of fit
test. Because of the radical nature of this redesign, it was appropriate to
incorporate other new features at the same time. Principal among these new
features are a simplified input procedure and dynamic data storage alloca-
tion. The resulting computer program is easier to use and provides more
information that its antecedent program. This note will explain the
structure and the use of this new program.

2. COMPUTING PROCEDURE

2.1 Estimation of Parameters

Since the formulas (1.2) and (1.3) do not, in general, yield

B and x in closed form, an iterative technique is required. Formula
(1.2) may be recast as

K N, R N
i K 8 2
X] zllnXU ,Z](T12]“T12‘T1‘1]“(T1’1)
i JK - ‘; ——— =0 (2.1)
B
b .ngB T.ﬂ)
= i=

by replacing A by its equivalent expression from equation (1.3), and by
execution of a few simple algebraic operat1ons Equation (2. l) now .

consists of a constant with regard to 8, minus a function of B, yielding
0, or simply

A-D(8) =0 (2.2)

The correct value of é will satisfy equation (2.2) and can be used to
calculate the corresponding value of A.
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The solution for é 1s iteratively determined in the following way.
For an initial est1mate B which is assumed to be 1arger than the true é,
the express1on A- D(e ) is evaluated. For all values of B larger than
the true s, the subtraction yields a negative result. After each negative
result, é is reduced by the initial step size of 1, and A- D(B ) is again
evaluated.

When a positive number results from the subtraction, indicating that

P |
g 1is too small, the step s1ze is decreased to 0.10 of the present step
s1ze the previous value of B which gave a negative result for

A-D( ), is adjusted by the new step size and the evaluation process
begins again.

The iteration procedure continues, adjusting é by the new step sizes,
unti] the left side of equation (2 2) is within a specified tolerance ¢ of

0. A 1s then calculated based on B, using factors already computed in
finding B. This procedure is summarized by the state diagram (Figure 2.1).

2.2 Goodness of Fit Test

The Cramer-Von Mises Goodness of Fit Test is appropriate whenever
the starting time of each system is equal to 0. To perform this test,
the program first transforms the failure times. For time truncated test-
ing, the failure times for each systemare divided by the ending time of
the test period for that system. In failure truncated testing, for every
system, all the failure times except the last, are divided by the last
failure time. The last failure time is thereafter excluded from the
calculations and the number of transformed failures is one less than the
original number of failures for each such system. All the transformed
failure times are then sorted into 1ncreasing order.

Next, the unbiased estimate 8 of the estimated shape parameter
8, is ca]cu]ated using the relation:

= _ M-1
B = B (2.3)
where:

M is the number of transformed failure times;
and N is the number of original failure times.
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Figure 2.1 State Diagram




Finally, the Cramer-Von Mises statistic Cﬁ is computed by the
formula:

- . 2

M
2 _ 1 g 21-1
Cw = om0 * .Z] (3 - =) (2.4)

where the Zi are the transformed failure times. An explanation of this
test and a table of critical values of Cﬁ may be found in Crow (1975).

Next page is blank.



3. DESCRIPTION OF PROGRAM

3.1 Major Features

The program, which is listed in Appendix A, has some important
features. First, the program is written in American National Standards
Institute (ANSI) FORTRAN X3.9-1966, and should therefore execute on any
computer having a compiler for this language. Secondly, the amount of
storage required to use this program should not cause difficulties since
all data arrays are dynamically allocated under control of the main
program (see Chung-Phillips, et al., [1975]).

Finally, and perhaps most importantly for the user, this program
uses free-field input, that is, no specific format is required for the
input data. The time and the effort regularly expended in preparing
data for input, are greatly reduced because of this feature. Moreover,
the misalignment of data fields to formats, a frequent source of errors
in using many computer programs, is eliminated entirely. While no input
scheme can be regarded as foolproof, free-field input is much more flexible
than fixed-field format specifications.

3.2 Overall Characteristics

A1l calculations in the program are made in double precision mode.
Experience has shown that the use of single precision variables for these
calculations often results in significant discrepancies in the estimates of
the parameters due to errors accumulated during the iterative process.

The modular structure of the program (see Figure 3.1) reflects
organization by functional purpose. The input of data, certain inter-
mediate calculations, the estimation of parameters, and the goodness of
fit test are each performed by an independent module. Major subprograms
print their results as the values become available. Subroutines which
detect errors, print diagnostic messages naming the detecting routine
and briefly stating the difficulty, and then attempt to continue process-
ing when possible. Independence of the subroutines is maintained by
restricting communication between individual subprograms to the passage
of formal parameters in argument lists. No COMMON statements are used.

3.3 Specific Details of Routines

In addition to controlling the major modules, the main program
also allocates storage for data arrays, as stated in Section 3.1. The
allocation is based upon the maximum number of failures, NFAIL, and the
maximum number of systems, NSYS. The master data array, BLOCK, has a
length of NTOTAL, equal to the value of NFAIL plus six times the value
of NSYS. To redimension the entire program, one merely adjusts the
values of NFAIL, NSYS and NTOTAL in the DATA statements at the beginning
of the main routine and changes the size of the array BLOCK, also found
at the beginning of the main program, to equal the new value of NTOTAL.

7
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By these actions, all data arrays in all subroutines will be properly
resized. Since the program size excluding data arrays, is less than
5,000 words, computer memory requirements can be scaled to problem size
through use of this feature.

Also found in the DATA statements at the beginning of the main
routine are the unit number for input, IUNIT, and the logical switch ECHO
which controls the printing of the input data. Just as the storage
allocation values, these values may be changed as needed.

The first major module is for the input of data. The INDATA
module reads the beginning and the ending times and the failure times
from the input unit, IUNIT. If the logical variable ECHO is true, the
submodule REPEAT will print the input, using the LOCIP subroutine to
isolate in storage the failures for each system and the PRNTX subroutine
to print them. The failure times are stored in a linear array with nega-
tive signs appended to the failures associated with even numbered systems.
This scheme preserves the identification of the failures with the
respective systems without using additional storage.

The free-field reading of data is performed by the INREAL sub-
module. - This submodule, consisting of the routines INREAL, CHAR, INSYML,
MATCH and UNSGND, is a translation from ALGOL into FORTRAN of Algorithm
239 of the Association for Computing Machinery (see McKeeman [1964]).
Specific details concerning the input arrangement are given in Section 4.

The INDATA subroutine also sets three logical variables depend-
ing on the input. If data errors are encountered, the variable NOGOOD is
made true. If all systems start at 0.0, then the goodness of fit test
will be appropriate and so the variable GOF is set to true. Lastly, when
the end of input is reached, the logical variable HALT is returned as true.

The second principal module, LOGS, calculates the logarithms of
the beginning and the ending times, and the sum of the Togarithms of the
failure times. For computational purposes, a beginning time of 0.0 is
defined to have a logarithm of 0.0 instead of infinity. Note that
failure times of 0.0 are not valid for this model and are flagged as
errors by the preceding INDATA module.

The next major module, MLEW, computes the maximum likelihood
estimates of the parameters of the Weibull intensity function for the
given data, using the formulas discussed in Section 2.1. If unsuccessful,
this module will report one of three possible error conditions. The
first error message "BETA LESS THAN 0.00000001" indicates that the

data should be rechecked for the reasonableness of a very small 8. The
second error message is "INITIAL ESTIMATE OF BETA IS TOO SMALL." Since
the initial estimate of BETA is set to 10 at the start of the MLEW sub-
program, this message indicates some pecularity of the data. (In

general, 0<8<10.) The third message, "STEP-SIZE HAS BECOME INSIGNIFICANT -
BETA NOT RESOLVABLE," indicates that the module has gone as far as

9
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possible trying to meet the tolerance set for the difference A-D(B ).
This tolerance, EPSILN, may be enlarged by changing the assignment state-
ment also located at the beginning of the MLEW subprogram.

The last major module, CVM, performs the Cramer-Von Mises goodness
of fit test, as described in Section 2.2. The failure times for each
system are located in storage using the LOCIP subroutine, and examined to
determine if the testing was time truncated or failure truncated. The
failure times are then transformed by the TRANSF subroutine and sorted by
the SORTX subroutine. (SORTX is a modification of an utility subprogram
described in Campbell, et al., [1970].) The unbiased estimate of B, UNBETA,
is calculated next, as explained earlier. The last phase depends on the
system starting times. If any starting time is non-zero, the module

terminates with a message stating that the Cramer-Von Mises goodness of
fit test is not appropriate. Otherwise, the goodness of fit statistic,
CM2, is computed and printed.

10




4. INPUT REQUIREMENTS

As stated previously, the input for this program is free-field. The
only requirement regarding spacing is that at least one blank column
separate adjacent values. The values must not run together. This means
that the program generally takes the same view of the data that a person
would, namely, that each cluster of numeric characters constitutes one
data value. The only exception to this rule occurs at the boundaries of
records. Since the input is treated as a continuous stream, a string of
characters beginning in the first column of a record, is considered a
continuation of the string of characters ending in the last column of the
previous record, if any. Record boundaries are not delimiters; blanks
are the only delimiters.

The data required for this program consist of the beginning and ending
times of the test period for each system, and the failure times for each
system. The arrangement of the input, (which is also stated in the
comments of the INDATA subroutine), is by system. The first data value
is the beginning time of the first system. The second data value is
the ending time of the first system. Next is the failure times for the
first system, followed by a negative value to mark the end of the first
system. The same pattern, beginning time, ending time, failure times,
and negative trailer, is repeated for each subsequent system in the first
data case.

Another negative value (making two in a row), signals the end of
input of the current data case, and the beginning of the computational
procedures. The same arrangement may be repeated for as many cases as
desired per program run. When the input routine encounters a negative
value after completing a case, (that is, the third negative value in a
row), the end of the program run is indicated.

Thus, as a simple example, if one desired to use this program for
one run consisting of one case wherein one system experienced seven
failures, the input data would be: the beginning time, the ending
time, the seven failure times, and three negative values. To demonstrate
the latitude of the input requirements, the data for a number of test
cases are shown in Appendix B. Notice that any negative value is accept-
able as a trailer and that data values may be entered with or without
decimal points. Although not shown in the examples, data values may
also be in exponential form, that is, containing 'E,' '+' or '-.'

Next page is blank.
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5. TRANSFERABILITY AND MODIFICATION

Since this program is written in standard FORTRAN, transfer to other
computer systems should be straightforward. To assist in the transfer
process, Appendix C contains the output produced by the program for the
input shown in Appendix B. This output was generated on a Control Data
Corporation (CDC) Cyber 76 Computer, using the program exactly as listed
in Appendix A. (Note that non-standard PROGRAM statement required by
the CDC Cyber.)

The input for these test cases came from records of eighty characters
each. If the input record length is other than eighty, two changes may
be required. The value of the variable LENGTH and, if necessary, the
dimensioned size of the array BUFFER, should be adjusted in the INSYML
subroutine.

Alternatively, one could replace the entire INREAL submodule. Although
these routines were written to be fully transportable, running time might
be saved by using the system defined free-field reading capability of any
computer having such a feature. As an example, a substitute for the
INREAL submodule, suitable for the CDC Cyber 76, is shown in Figure 5.1.
Such substitutes, however, are system dependent and not readily trans-
ferable.

Next page is blank.
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FIGURE 5.1 SUBSTITUTE FOR INREAL SUBMODULE

SUBROUTINE INREAL (IU, X)
DOUBLE PRECISION X

READ (IU, *) X

RETURN

END

15
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PO

PROGRAM MAIN (INPLT-IBU,UUTPUT;TAPES;INPUTQTAPEb-UUTPUT) MAIN

THE ABOVE STATEMENT IS NON-STANDARDs BUT REQUIRED FOR MAIN
CDC FORTRAN, MAIN
MAIN

MAIN

MAIN DRIVER FOR WEIBULL INTENSITY MODEL PARAMETER MAIN

ESTIMATION AND GOODNESS OF FIT TEST. _ MAIN

MAIN

(VERSION GF 27 JULY 1979) MAIN

MAIN

INPUT REQUIREMENTS ARE DESCRIBED IN THE 9INDATA? MATN

SUBROUTINE. MAIN

MAIN

MAIN

DOURLE PRECISICN BETA, SUMLNX . MAIN
DOURLE PRECISION BLOCK(110%0)  MAIN
LOGICAL ECHO, FAULT, GCF, HALT, NCGOOD MAIN
MAIN

DATA IUNIT /57 MAIN
DATA ECHO 7.TRUE./ MATN
DATA NFAIL, NSYS /500G, 1000/ , MAIN
DATA NTOTAL /11Cuu/ MAIN
’ MAIN
WPITE (6520) MATN
MAIN

ALLOCATE STORAGE BASED ON FMAXIMUM MUMBERS OF FAILUFES MAIN
AKD SYSTEMS, MAIN
NS2=NSYS*2 ‘ MAIN
I1=1 MATN
I2=I14NFAIL MAIN
132I2+NS2 MAIN
T4=134NS2 MATN
ITOTAL=14+NS2=1 MAIN
IF (ITOTALLLESNTITAL) GO TO 1 MAIN
WRITE (6,30) ITCTAL,NTCTAL MAIN
sTOP MAIN
- MAIN

REGIN PROCESSINA, - MATIN

1C CALL INDATA (BLOCK(I1)»BLOCK(I2))NGGOODSGOFyHALTINFAILSNSYS)MyKy LUMALN
INIT,ECHD) MAIN
IF (HALT) STOP : , MAIN
If (NOGOOD) 6C TO 1C. MATN

CALL LOGS (BLOCK(I1)sBLOCK(IZ2)»BLOCK(IG)sNFAILINSYSyMpK,ySUMLNX]) MAIN
CALL MLEW (SUMLNY,BLOCK(IZ2))RLOCK(I3)sBLOCK(I4)s FAULTHNSYS»MpKyBETHMAIN

14) MAIN
IF (JNOTLFAULT) CALL CVM (BLOCK{I1)»BLOCK{IZ2)sNFAILSNSYSyMpK,BETAMAIN
1GLF) MAIN
60 T0 1¢ MAIN

. : MAIN
27 FCORMAT (71H1 WEISBULLL INTENSITY MODEL PARAMETER ESTIMATION AND GUOODMAIN
INESS OF FIT TEST/25HC VeRSION OF 27 JULY 1979¢/117) MAIN
3Q FORMAT (33H1 AMOUNT COF STORAGE RECLESTED IS »I6,40H WORDS. AMOUNTMAIN
1 OF STORAGE AVAILARLE IS »I5525H WORDSe PROGKAM ABORTED./) MAIN
END MAIN
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280
260
300
31¢
3z2¢
330
34C

35¢

360
370
380
390
406
41C
420
430
44¢
450
460
47¢
480
490
56
510
£20
530
540




SUBROUTINE CVM (XsCsNFAILINSYSsMsKsBETA,GOF)

COMMENT THIS SUBROUTINE PERFORMS THE CRAMER-VON MISES GOODNESS

C
c

(@]

o

10

20

30

UF FIT TEST.
¢
DCUBLE PRECISION X{NFAIL)y CUNSYS,2)
DOUBLE PRECISION BETA, CM2, DMs» SUMSQS, TQ, TWOM, UNBETA
DOUBLE PRECISION TERM, TERM1l, TERM2
LOGICAL GOF
LOGICAL TIMETR

WRITE (6560) BETA,M
IP=C

18T=1

TIMETR=,TKUE,

N=M

D0 30 J=l,K
[Ba]P+]
CalLl LOCIP (XsNFAIL,N,»IP)
Ie=1P
DO 16 I=IB»IE :
CHECK FOR FAILURE TRUNCATED TESTING.
IF (DABSS(DABS(X(I))=C(Js2))sLEal.CD-08) TIMETR=,FALSE,
CONTINUE
IfF (TIMETR) GO TO 2¢
IE=]E-1
M= M-]
TIMETR=,TRUE .
CONTINULE
TQo=C(Jy2)
IET=IF
TRANSFORM THE FAILURES.
CALL TRANSF (XsTQsIB,IBT,IETsNFAIL)
I3T=1eT+1
CONTINUE

N0 40 Is1,M
X(1)=DABS(X(I))
CONTINUE
SORT THE TRANSFORNMED FAILURES INTO INCREASING ODRDER.
CALL SORTX (XsM)

DM=DBLE(FL3ATI(M))
TwOM=2.,lDC*DM
UNBIASED ESTIMATE OF BETA,
UNBETA=BETA*(DM=1,0DC)/DBLE(FLOATINY)
WRITE (65110) UNBETA
I+ (GOF) GO TO 50
WEITF (65123)
GC 70 70

SUMSGS=C LDV

DU €C I=1lsM
TERM1=X(I)**UNBETA
TERM2=DBLE(FLOAT(2%I=1))/TuwOH
TERM=TERM1I-TERM2
SUMSOS=SUMSQS+TERM**?2

22

CVH
CVM
CVM
CVHM
CvM
CVM
CvM
Cvu
CVHM
CVM
CVM
CvmM
CvM
CVHM
CVM
CvM
CVM

"CVM

cvM
CVM
CvM
CvM
CVM
Cvnm
cvm
CVM
CVM
CVM
CvM
CVM
CVM
CVM
CVM
Cvnm
cvM
CvM
CVHM
CvM
CVM
cvM
CVM
CVM
CVM
CVM
CvM
CVM
CVHM
CVM
Cvm
CVM
CvM
CVM
CvM
cvnm
CvM
CvM
CvM

10
20

40

5Q

60

7C

8¢

93
108
110
120
120
140
15¢
160
17C
18G
19C
200
218
22¢
230
240
250
267
270
280
29%
300
31¢
320
330
349
350
360
370
388
390
400
41C
4290
430
440
450
4690
472
460
490

33
510
520
532
H4u
559
560
STC




60 CONTINUE ‘ cvmM

C CRAMER-VON MISES STATISTIC. CvM
CM2=SUMSQS+(1,0D0/7(12.,8D0%DM)) CvM

WEITE (65G50) CM2,M cvm

¢ : CVM
70 RETURN CVM

C CVM
80 FORMAT (42H1 CRAMER - VON MISES GOODNESS OF FIT TESTe///1BHOESTIMACVM
1TED RETA = ,1PD1%.7/22HONUMBER OF FAILURES = ,16) CVmM

9¢ FURMAT (32HOCRAMER - VON MISES STATISTIC = ,1PD15.7/52HOREJECT THECVM
1 WEIBULL INTENSITY MODEL IF THE STATISTIC/48H EXCEEDS THE APPROPRICVM
2ATE CRITICAL VALUE FOR M s ,IZ2/) CVM
190 FORMAT (77HOTHE CRAMER - VON MISES GOODNESS CF FIT TEST IS NOT APPCVM
1ROPRIATE FOR THIS CASE/S58H BECAUSE ONE OR MORE SYSTEMS HAVE NON-ZECVM

2RD STARTING TIMES./) CvM
110 FORMAT (29HQUNBIASED ESTIMATE OF B&TA = 31PD154s71/11) ' CVM
END . CvM
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SUBROUTINE INDATA (X»C»NOGOODsGOFsHALTSNFAILSNSYSsMsKyIUNLIT,ECHO) INDAA 10

COMMENT THIS SUBROUTINE READS IN THE BEGINNING AND ENDING TIMES, INDAA 2C
C AND THE FAILURE TIMES, INDAA 30
C INDAA 40
C THE ARRANGEMENT OF INPUT IS AS FOLLOWS! INDAA 50
¢ INDAA 60
¢ BEGINNING AND ENDING TIMES FOR FIRST SYSTEM» FAILURE INDAA 70
¢ TIMES FOR FIRST SYSTEM, NEGATIVE VALUE AS TRAILER.,  INDAA 8y
c BEGINNING ANC ENDING TIMES FOR SECOND SYSTEM, FAILURE INDAA §C .
C TIMES FGR SECOND SYSTEM, NEGATIVE VALUE FOR TRAILER. INDAA1OC
c cee INDAALLC
¢ ceo INDAALR2C )
¢ vos INDAAL30
C REGINNING AND ENDING TIMES FOR K-TH SYSTEM, FAILURE INDAAL4O
¢ TIMES FOR K=TH SYSTEM, NEGATIVE VALUE AS TRAILER, INDAALSD
¢ NEGATIVE VALUE TO MARK END OF CASE. " INDAALEO
C (REPEAT ABOVE FOR AS MANY CASES AS NEEDED.) ~ INDAAL70
C NEGATIVE VALUE TO MARK END OF RUN. INDAALED
C INDAALSC
¢ INPUT 1S FREF=FIELD, REQUIRING ONLY THAT AT LEAST ONE BLANK INDAA20D
C COLUMN SEPARATE ADJACENT VALUES, INDAA21G
c INDAA22D
DOUBLE PRECISION X(NFAIL), C(NSYS»2) INDAA230
LOGICAL ECHO, GOF» HALT, NOGOCD INDAA24D
¢ INDAA250
GOF=.TRUE, INDAA2ED -
HALT=oFALSE INDAA2TC
NGGCOD=oFALSE. : INDAA2EC
WRITE (65130) _ INDAA29D
¢ INDAA3DD
J=1 INDAA3LD
I=1 INDAA320
e e e e e e e e e e e e e mm s s s = - s e - - == - == - INDAA33D
¢ - BEGIN INPUT CYCLE. INDAA34C
(- = c =2 me===-oc==mm=m=============-=-=- INDAA3SC
L0 CALL INREAL (IUNIT,C(J»1)) INDAA36D
¢ NEGATIVE VALUE TO MARK THE END OF THIS CASt. INDAA3TO
IF (C(Js1).LT4CuCDO) GO TO 50 INDAA3S:
CALL INREAL (IUNIT,C(J,2)) INDAA3GY
IF (DABS(C(Js1))eGT,1,0D-C8) GOF=.FALSE. INDAA4OO
Jeg+l INDAAGLC
IF (JoLELNSYS) GO TO 20 : INDAA420
WRITE (£5100) J INDAA43G
NGGOOD= o TRUE INDAA44O
C INDAA4S?
25 CALL IMREAL (IUNIT»X(I)) INDAA4ED
C NEGATIVE VALUE TO MARK THE END OF THIS SYSTEM. INDAAGT)
[F (X(I)eLT+C40DO) GC TO 10 INDAAGEC
IF (X(I).6T.1.0D-15) 60 TO 30 INDAA4GO i
WRITE (6,110) : INDAASC?D
NGGOOD=o TRUE INDAAS1D
c INDAAS20
¢ CACH FAILURE MUST FALL WITHIN THE TEST PERIOD, INDAA530 .
50 LF (C(Jd=1s1)4LEX(I)oANDX{T).LEZCLI=152)) GO TO 4G INDAAS4)
WRITE (65120) X(I)sC(J=151)5CtJ=1s2) INDAASSG
NOGOOD= 4 TRUE o INDAAS6D
4C IF (M3D(Jr2)#EQeD) X(I)==X(T) INDAAST?
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I=1+1 :
IF (I.LE.NFAIL) GO TC 20
WRITE (€599) I
NOGOUD= . TKUE »

GO 10 2¢

52 M=I-1 .

IF (M.LE.C) GO TO 6C

TOTAL NUMBER OF FAILURES,
WRITE (6,70) M
Ked=-1

TOTAL NUMBER OF SYSTEMS.
ARITE (6580) K
IF (ECHG) CALL REPEAT (X,CoNFAILSNSYS,M,sK)
RETLRN

€0 HALT=4.TRUE.
WRITE (6»,140)
RETURN

77 FORMAT (28BHCTOTAL NUMBER OF FAILURES = 515)

. FORMAT (28HGTOTAL NUMBER OF SYSTEMS = ,I5)
.9 FORMAT (LBH INDATA ERROR -- ,1€6,22H IS TOO MANY FAILURES./)
100 FORMAT (18HC INDATA ERROR =-- »16,21H IS TOO MANY SYSTEMS,./)

INDAASEO
INDAASYC
INDAAGGO
INDAAGLD
INDAAG2C
INDAAG3O
INDAA6GAG
INDAAG6S)
INDAAGED
INDAAGT
INDAAGBC
INDAASIO
INDAATOG
INDAATIQ
IxDAAT20
INDAATIL
INDAAT4O
INDAATSD
INDAA760
INDAATTC
INDAATSS
INDAATOYG
INDAABCE
INDAABLE
INDAASZT
INDAABAC
INDAABGY
INDAABSD

115 FGRMAT (52H0 INDATA ERROR == A FAILURE AT G.0000000 WAS INPUTe /T71INDAABGL

1HC THE PROBABILITY JF SUCH A FAILURE TIME IS 0.0 ACCORDING TO THE
2M0DELW /)

INDAASTC
INDAABE?S

120 FCRMAT (33HC INDATA ERROR ==- THE FAILURE AT ,1PDIC.37444 DOES NITINDAARSS

1 FALL WITHIN THE TEST PERIOD FROM ,1PD1C.354H TO »1PD10.3/)
130 FCRMAT (19H1 DATA INPUT PHASE.//)
140 FOKMAT (28HU PROGRAM RUN ENDS NORMALLY./1H1)

END

INDAAGO?
INDAASLS
INDAAG2D
INDAA93)



SUBROUTINE LUCIP (X,NFALILsM,IP) LtacIiep 10

CUMMLNT THIS SUBROUTINE LOCATES THE POSITION OF THE LAST FAILURE LOCIP 20

C ASSOCIATED WITH THE SYSTEM WHICH HAD FAILURE 'X(IP)*. ON LOCIP 3G

¢ RETURNy "IP? INDEXES THIS LAST FAILURE. LOCIP 40

C ' LOCIP 50

DGURLE PRECISION X(NFAIL) LOCIP 60

¢ Locie 72

IB=1P+1 ‘ ' LocIe 80
MM1sM=1 ‘ LoCcIP 9U B

DD 10 1=sIB,MM1 LocIP100

IF ((X(I).LT.0.0DO.AND.X(I+1).LT.0.0DO).0R.(X(I).GE.O.CDO.AND.X(I+LOCIP116
11)}.GE.Ce0D3)) GO TO 10 ' LocIel2c .

IP=I LOCIP130

RETURN LOCIP140

1C CCONTINULE - LOCIP150

[P=M LOCIPl60

RETURN - LocIP1TC

END E Locipiso
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SUBROUTINE LOGS (X»CoCLNsNFAIL,NSYS,MyK,SUMLNX)

CUMMENT THIS SUBROUTINE TAKES LOGARITHMS.

c

[N el

[z Xel

17

2°

DOUBLE PRECISION X(NFAIL)s CENSY5»2)s CLN(NSYS,2)
O0UBLE PRECISION SUMLNX

LOGARITHMS OF BEGINNING AND ENDING TIMES.
D0 20 I=1,K :
CLN(I,2)=DLOG(C(Is2))

It (C(I»1).LE.0.0D0) GO TO 10
CLN(I»1)=DLOG(C(I51))

60 TO 2¢

ClIs1)=CG.CDO

CLN(I,»1)=0,G600

CONTINUE

SUM OF LOGARITHMS OF FAILURES.
SUMLNX=Q,.,CD)
D0 30 I=1,M
SUMLNX=SUMLNX+DLOG(DABS(X{I)))
CONTINUE
RETURN

END

27

LOGS
LOGS
LOGS
LCGS
LOGS
LOGS
LOGS
LOGS
LOGS
LOGS
L0GS
L0oGS
LOGS
LOGS
LOGS
LOGS
LOGS
L0OGS
L0GS
LaeGs
LOGS
LGS
LGGS
LOGS

12
2(

40

Sv

6C

13

8]

90
1tu
110
122
139
144
14
1€¢
175
180
19¢
20
210
22¢
2332
240



SURROUTINE MLEW (SUMLNY»C»CBs»CLNsNOGOODsSNSYS»MsKyBETA) MLEW ~ 10

c- MLEW 20
c- MLEW 30
c- ESTIMATES OF PARAMETERS OF THE WEIBULL INTENSITY MODEL. MLEW 40
c- MLEW 50
c- THIS SUBROUTINE ESTIMATES BETA AND LAMBDA OF THE MLEW 6C
- WEIBULL INTENSITY FUNCTION R(X)=sLAMBDA*BETA*X**(BETA-1.G) MLEW 70
c- BETA IS DETERMINED BY AN ITERATIVE PROCESS WHICH MLEW 80 .
c- EXAMINES THE SIGNED DIFFERENCE OF A CONSTANT MINUS A FUNCTION OF MLEW 9
c- RETA AS BETA IS DECREASED FROM A LARGE INITIAL ESTIMATE BY MLEW 106
c- NON-POSITIVE POWERS OF 1049 UNTIL AN EPSILON TOLERANCE IS MLEW 110
c- SATISFIED OR BETA IS LESS THAN 3,00000001 IN VALUE. MLEW 120 .
c- LAMBDA IS CALCULATED BASED ON BETA, MLEW 13G
c MLEW 14C
DOURLE PRECISION C(NSYS»2)s CBUNSYS»2)s CLN(NSYS,2) . MLEW 15C
DOURLE PRECISION BETAs, LAMBDA, EPSILN MLEW 160
DOUBLE PRECISION DENOM, DENOM1, DENOM2, TOP» TGP, TOP2 © MLEW 17€C
DOUBLE PRECISION A, ABDI, ADJs Ds DIFF, TOTFAL MLEW 180
DOURLE PRECISION SUMLNX MLEW 19C
LOGICAL NOGOOD MLEW 2GC
¢ MLEW 210
WRITE (65110) MLEW 220
BETA=1420401 MLEW 230
EPSILN=1,0D-05 MLEW 24C
TOTFAL=DBLE(FLOAT(M)) MLEW 250
NPDIFF=0 MLEW 260
. NOGOOD=oFALSE MLEW 27G
¢ : MLEW 285
C CONSTANT NOT INVCLVING BETA, MLEW 29C
A=SUMLNY/TOTFAL MLEW 300
WRITE (65130) A MLEW 31C
(= e c === === mmme=mm== ===~ MLEW 326
c BEGIN ITERATION PROCEDURE. MLEW 33C
P S R MLEW 340
ADJ=1.000 MLEW 35
17ER0=0 MLEW 36C
WRITE (6515() MLEW 370
o MLEW 36(
10 TOF1=C,0D0 MLEW 390
TCP2=0,000 MLEW 400
DENOM1=Ce0DO MLEW 410
DENOM2 =0, 200 ' MLEW 420G
DO 20 I=1,K MLEW 430
DO 20 J=1s2 MLEW 440
CB(I,J)=C(T,d)#%BETA CMLEW 450
20 CONTINUE MLEW 460
C MLEW 470
DO 30 I=1,K MLEW 480
TOPL1=TOPL+CBIT,1)*CLN{I,1) MLEW 49C .
TOP2=TOP2+CB(I,2)*CLN(I,2) MLEW 500
DENDOM1=DENOMI4CB(I,1) MLEW 510
DENOM2=DENOM24CB(1,2) MLEW 520
30 CONTINUE MLEW 53C .
c MLEW 5490
TOP=TOP2-TCP1 MLEW 55C
DENOMsDENGM2=-DENOML MLEW 560
D= (TCP/DENCM)~1,0D0/BETA MLEW 570
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DIFF=A-D MLEW 580

LAMBDA=TOTFAL/DENOM MLEW 560
WRITE (6912C) BETA,D»O0IFF,LAMBDA MLEW 6CC
ABDI=DABS(DIFF) MLEW 61¢

IF (ABDILLEGEPSILN) GO TO 5¢ MLEW 620

IF (DIFF4GT«24000) GO TO 40 MLEW 63C
NPDIFFa) MLEW 640
BETA=RETA=ADJ MLEwW 650

1f (RETA,LE.140C-1%) GO TO 66 MLEW 6KC

GO0 TG 1¢ MLEW 670
----------------------------------- MLEwW 68C
BETA TOO SMALL == DECREASE STEP SIZE AND USE PREVIOUS BETA. MLEW 69C
----------------------------------- MLEW 740
40 BRETA=RETA+ADY MLEW 71C
"NPDIFF=NPDIFF+1 MLEW 72C

IF (NPDIFF4CGTL1C) GO TG 70 ' . ‘ MLEW 730
ADJ=1,0D-1%ADJ MLEW T4¢

1F (DARS(DLONGIO(CARS(BETA))-DLAOGL1O(ACI))aGTele5D+1) GO TO EO MLEW 75y
BETA=RETA-ADY MLEW T7¢C

G0 1O 19 MLEW 77C
----------------------------------- MLEW 780
: ' EPSILONM TOLERANCE MET, MLEwW 790
----------------------------------- MLEW 340
5C WRITE (65140) BETASLAMBDASABDISEPSILN,ADJ MLEW B1lC
G6C TO 143 . MLEW B¢C
MLEW R3(

&0 T2EVG=IZERG+L MLEW 840
IF (TZEROJLLELB) GC TO 40 MLEW B850
WRITE (65160) MLEW B86C

CO TG 9% MLEwW B70C

7¢ WRITE (AplTu) MLEW B&G
GOh TD Gy o MLEW BRQC

83 WRITE (651R80) : MLEW GCC
90 NOGDOD=, TRUE MLEW 910
MLEW 92C

100 RETULRN MLEW 932
MLEW G940

MLEW 95C

110 FURMAT (65H1 ESTIMATIOMN OF THE PARAMETERS OF THE WEIBULL INTENSITYMLEW G6C
1 FUNCTIOUNG /) » MLEW 97C
120 FORNMAT (iH 54(1PD16e49s4X)) MLEW 9&C
13C FORMAT (35HCCONSTANT NCT INVOLVING BETAT A = ,1PD15,7/) ‘ MLEW 96¢C

14C FOFMAT (3GH1ITHE FINAL ESTIMATE OF RETA = ,1PD15,7//732H THE FINAL EMLEW1OCU
1STIMATE OF LAMBLA = ,1PDL15.77/7/16H CONVERGENCE TO »1PD1%+47/30H WHICMLEWIGID
2H IS LESS THAM EPSILCN = ,1PD15,7//724H THE FINAL STEP SIZE IS »1POMLEW1C2Y

31,7/} MLEW1G24G
150 FORMAT (1HO/16HO ESTIMATED BETA,5X%,15H FUNCTION D{(B?),8X,10H A = DMLEW1U4L
1(B"),6Xp17H ESTIMATED LAMBDAY) MLEW1GLC
160 FORMAT (41HO MLEW ERROR == BRETA LESS THAN L.0Q0G00001) MLEW1CEG
174 FCRMAT (53HG MLEW ERROR ~= INITIAL ESTIMATE OF BETA IS TOO SMALL) MLEW1C7C
1RO FORMAT (50H{ MLEW ERROR -- STEP-SIZE HAS RECCME INSIGNIFICANT/2CH MLEwWlugQ
1BETA NIT RESOLVABLE/) MLEW10SO
END MLEW11CC
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SUBROUTINE PRNTX (XshFALLsIBsIE) PRNTX 10

CGMMENT THIS SUBROUTINE PRINTS THE FAILURES *X(I8)* THROUGH PRNTX 2C
C *X(IE)*, PRNTX 30
C PRNTX 40
DGUBLE PRECISION X{NFAIL) ' PRNTX SO
DCUBLE PRECISION XTEPMP(S). PRNTX 60
DATA L 15/ PRNTX 70
C : _ PRNTX 83
[T=C PRNTX 90 -
DO 20 I=1BsI1E PRNTXL0OC
I1T=1T+1 PRNTX110
XTEMP(LIT)I=DABS(X(I)) ' PRNTX120
IF (1.,EC.IE) GO TO 1¢C PRNTX130 -
IF (IT.LT.L) GO TO a( PRNTX140
13 WRITE (6530) (XTEMP(J)»J=1,1T) ~ PRNTX150
IT=C PRNTX1690
20 CONTINUE - PRNTX17¢
¢ PRNTX182
RETURN PRNTX199
o PRNTX200
3C FORFMAT (1H »30X»1P5D10.3) PRNTX219
END PRNTX220
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SUBROUTINF REPEAT (XsCoNFAIL,NSYS,M,K) REPET 10

COMMENT THIS SUBROUTINE REPEATS THE INPUT DATA. REPET 26
C REPET 30
DCUBLE PRECISION X(NFAIL)s» CUINSYS,2) REPET 40

C ' REPET 54
WRITE (6520) REPET 60

Ip=r REPET 73

C REPET 8D
DO 10 J=l,K REPET 90

WRITE (6530) C(Js1)yC(Jdy2) REPETLIOD
[B=IpP+l REPETI1D

CALL LUCIP (XsNFAIL,MsIP) REPET12C

Ic=1P REPETL130

CALL PRNTX (XsNFATLsIB»IE) REPETL4G

1w CONTINUE REPETLSD

C " REPETI16D
RETURN - REPETL1T7C

C REPET18C
2C FURMAT (1HO/34HOSYSTEM STARTING AND ENDING TIMES./1H0s35X,10H FAILREPETLION
LURES./) REPET20D

3C FOGRMAT (1H »1P2D12.3) REPET21C
END " REPET22C

31



SUBROUTINE SORTX (X»N) SORTX 10

CUMMENT THIS SUBROUTINE SORTS THE VECTOR X INTO INCREASING ORDER. SORTX 290
c SORTX 30
DOUBLE PRECISION X(N) SORTX 40
MxN . SGRTX 50
10 MsM/2 SORTX 60
IF (M.EQ.0) RETURN SORTX 70
KeN-M+1 _ SORTX 8C
J=1 SORTX 9C B
20 I=J - SORTX1NG
3¢ L=I+M . SORTX11C
IF (X({IV.GT.X(L)) GO TO 50 SORTX122
40 Jed+l SORTX130 .
I[F (J-K) 20,10,10 SORTX140
50 T=X(L) SORTX150
X(LY=X(I) . SORTX16%
X{1)=T SORTX170
I=1-M - " SORTX18C
IF (1) 40,40,30 SORTX19¢C
END SORTX2C0
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SUBROUTINE TRANSF (X,TQ»IB,IBT,1ET,NFAIL) TRANF 1C

COMMENT THIS SUBROUTINt TRANSFORMS THE FAILURE TIMES. TRANF 20
C TRANF 3D
DOUBLE PRECISION X(NfAIL), TQ TRANF 40

c : . TRANF 59
IF (IeTotEeDO) RETURN TRANF 606

J=1B TRANF 70

OG 10 I=IBTSIET . TRANF £C
X(IV=X(J)/TQ TRANF 9¢

NERR DY TRANF100

10 CONTINUE TRANF11D
RETURN TRANF120

END TRANF130

33



SUBROUTINE INREAL (CHANNL,DESTIN) INREL 10

COMMENT FREE FIELD READ. INREL 20
C (A FORTRAN TRANSLATION OF ACM ALGORITHM 239.) INREL 30
C INREL 40
C EACH CALL OF THIS SUBROUTINE WILL READ ONE REAL NUMBER INREL 50
C FROM UNIT "CHANNL®, CONVERT IT, AND STORE IT 1IN *DESTINY, INREL 60
o INREL 79
INTEGER CHANNL ' INREL 8¢
DOUBLE PRECISION DESTIN , INREL 9C -
PEAL SIGs FPs» D INREL1GC
INTEGER ESIGs EPs IP, CH INRELL1O
INTEGER CHARs UNSGND INREL120O
C INREL13D -
SIG=1.0 : INREL14D
EP=O INREL15%
fFP=C " INREL160
C - INREL17C
10 CH=CHAR(CHANNL) INREL18O
o SUPPRESS INITIAL BLANKS, INREL19D
IF (CH.EQ.l4) GO TO 190 INREL20O
¢ 12 = %+% AND 11 = *-9, INREL21C
IF (CHJ.NE.12) GO TO 20 INREL220
CHsCHAR(CHANNL) INREL230
GO TD 3¢ INREL240
20 IF (CHeNE.1l) 60 70 20 INREL250
SIG==1ei : INREL26G
. CH=CHAR(CHANNL) INREL2TO
30 CONTINUE : - INREL28G
[F (CH.GT+1%) GO TO 70 INREL29C
[F (CHeGELLD) GO TO 40 INREL30GC
1P=UNSGND(CHANNL,CH) INREL31O
GC TC 56 “* INREL32C
4n CONTINUE INREL33O
IP=( INREL343
50 CONTINUE [MREL3IS50
IF (CH.NE.12) 60 TO 1130 ‘ INREL360
CH=CHAR(CHANNL) INREL3TG
FP=0 e INREL38BO
1F (CH.GE.1n) GO TO 190 INREL 390
D201 INREL4GO
o INREL410
&% FP=FP+FLOATICH)*D ' INREL420
D=D*Cel INREL430
CH=CHAR(CHANNL) “INREL44O
IF (CHoLT.10) GO TO €0 INREL&5C
GG TO 160 INREL46O
72 CONTINUE INREL4TO
IF (CH.NEJ.13) GO TO &0 INREL4SO
1p=1 INREL490
GG TO 90 INREL5GD .
§¢ CONTINUE INRELS1C
WRITE (65189) INREL52C
sToP INRELS30
90 CONTINUE INRELS40 '
160 CONTINUE INRELSSC
C INREL560
IF (CHeNEJ13) GO TO 168 INRELS7C
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119

120
13¢C

140

15C
160

189
190
200

CH=CHAR(CHANNL)

INRELS58C

ESIG=1 INRELS590
IF (CHeNE.12.AND.CH.NE.14) GO TO 110 INRELEGC
CH=CHAR(CHANNL) INREL61O
GO 70 130 INREL620
CONTINUE INRELG63O
IF (CH.NEs11l) GO TO 120 INRELG4O
NEGATIVE EXPONENT. INRELG5D

ESIG==-1 INRELGOC
CH=CHAR (CHANNL) INRELGTC
CUNTINUE INREL68BC
CONTINUE INREL69D
1F (CH.CGE.10) GO TO 140 INRELT7CO
EP=UNSGND(CHANNL CHI*ESIG INREL71C
60 TO 187 INRELT2C
CONTINUE © INRELT730
WRITE (65190) . INREL740
sTOP INRELT50
CONTINUE INRELT767
CCNTINUE INRELT7Q
INREL74C

IF (CH.NEL14) GO TO 170 INRELT790
INRELBGO

DESTIN=DBLE(SIGH(FLOAT(IPI+FP)I*(10,0%*EP)) INRELE1D
INRELB2G

RETURN INRELB3D
WRITE (65200) INRELB&D
S1GP INRELASO
INRELBSED

FORMAT (3€HZ INREAL ERRGR =- CH QUT OF RANGE. /) INRELBTO
FORMAT (41HG INREAL ERROR == EXPONENT NOT DIGIT. 1) INRELBBG
FORMAT (53H0 INREAL ERROR =- NO BLANK FLUND BETWEEN DATA VALUES./)INRELB9C
END INREL9O3
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INTEGER FUNCTION CHAR (CHANNL) CHAR
COMMENT "CHAR® RETURNS AN INTEGER VALUE FOR THE NEXT CHARACTER  CHAR
C ON UNIT $CHANNLY. CHAR
¢ CHAR

INTEGER C CHAR

INTEGER CHANNL CHAR

INTEGER STRING(15) CHAR

DATA STRING(1), STRING(2), STRING(3)» STRING(4)s STKING(5)s STRINGCHAR

L6), STRING(T)s STRING(8)s STRING(9), STRING(13), STRING(1Ll)s STRICHAR
INC(12), STRING(13), STRING(14), STRING(15) /1HO» 1H1, 1H2s 1H3, 1HCHAR
34, 1HS5, 1H6, 1HTs 1HBs 1HOs 1Hes» LlH-s LH¢» 1HEs 1H / CHAR

DATA LSTR /157 CHAR

CALL INSYML (CHANNL»STRINGsLSTR,C) CHAR
c IS CHARACTER LEGAL? CHAR

IF (CoLE.C) GO TO 10 CHAR

CHAR=C-1 CHAR

RETURN  CHAR

10 WFITE (6520) CHAR
$TaP CHAR

C CHAR
20 FORMAT (58H) CHAR ERKOR =- ILLEGAL INPUT CHARACTER, PROGRAM ABORTCHAR
15D /) CHAR

END CHAR

36
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C
C
9

<

1¢

20

SUBROUTINE INSYML (IUNIT,STRINGsLSTR,1)
COMMENT

THIS SUBROUTINE EXAMINES THE NEXT CHARACTER ON
AND DETERMINES ITS POSITION NUMBER

LENGTH %LSTRS,

INTEGER STRING(LSTR)

INTEGER BUFFER{160)

DATA 1P

10/

DATA LENGTH 780/

[F (IP«NE,O) GO TO 1C
FILL INPUT BUFFER.

READ (IUNIT»20)

CONTINUE

IP=IP+1
IC=1IP

(BUFFER(J)»Josly LENGTH)

MATCH THE CHARACTER.
CALL MATCH (BUFFER(IC)sSTRING)LSTR,I}

IF P

OINTER

tIp?

HAS REACHED THE END OF A LINE,

IF (IP,EQ.LENGTH) IP=D

RETURN

FORMAT
END

(128A1)

37

RESET IT.

*IUNIT?
1% WITHIN THE *STRING?®

OF

INSYL
INSYL
INSYL
INSYL
INSYL
INSYL
INSYL
INSYL
INSYL

90

INSYLL1O0O
INSYL11O0
INSYL120
INSYL130
INSYL140
INSYL150
INSYL16%
INSYL17D
INSYL1BO
INSYL190
INSYLZ20N
INSYL210
INSYL22C
INSYL230
INSYL240
INSYL256"




SUBROUTINE MATCH (CHAR,STRINGsLSTRsIP) - MATCH 10

COMMENT THIS SUBROUTINE FINDS THE POSITION *IP* OF *CHAR!' IN MATCH 20
¢ YSTRING! WHICH HAS A LENGTH OF f*LSTRY, MATCH 30
c MATCH 40
INTEGER CHAR, STRING(LSTR) MATCH 50
IpP=s0 MATCH 60
D0 10 I=1,LSTR MATCH 70
IF (STRING{I).NEJCHAR) GO TO 10 _ MATCH 8C

Ip=] MATCH 9¢C -
GO 7O 2¢C MATCH100
13 CCONTINUE MATCH110
WRITE (6,30) CHAR MATCHL1Z20

20 RETURN MATCH13D -
¢ MATCH14G
30 FORMAT (31HO MATCH ERROR -= THE CHARACTER ,Als16H IS NOT MATCHED./MATCH15C
1) © MATCHl16F
END MATCH1T7C
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COMMENT

C
c

10

INTEGER FUNCTION UNSGND (CHANNL,CH)

SCHANNL?Y,

INTEGER CHANNL, CH
INTEGER CHAR

INTEGER U

Usn

Us1C*U+CH
CH=CHAR(CHANNL)

IF (CH.LT.10) GO TO 10
UNSGND=U

RETURN

END

39

THIS FUNCTION RETURNS THE NEXT UNSIGNED INTEGER FROM

Next page is blank.

UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG
UNSG

10
20
30
4¢
590
60
70
80
qn
100
110
120
13¢
140




APPENDIX B
INPUT FOR TEST CASES
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